Electroporation-based gene therapy: recent evolution in the mechanism description and technology developments.
Thirty years after the publication of the first report on gene electrotransfer in cultured cells by the delivery of delivering electric pulses, this technology is starting to be applied to humans. In 2008, at the time of the publication of the first edition of this book, reversible cell electroporation for gene transfer and gene therapy (nucleic acids electrotransfer) was at a cross roads in its development. In 5 years, basic and applied developments have brought gene electrotransfer into a new status. Present knowledge on the effects of cell exposure to appropriate electric field pulses, particularly at the level of the cell membrane, is reported here, as an introduction to the large range of applications described in this book. The importance of the models of electric field distribution in tissues and of the correct choice of electrodes and applied voltages is highlighted, as well as the large range of new specialized electrodes, developed also in the frame of the other electroporation-based treatments (electrochemotherapy). Indeed, electric pulses are now routinely applied for localized drug delivery in the treatment of solid tumors by electrochemotherapy. The mechanisms involved in DNA electrotransfer, which include cell electropermeabilization and DNA electrophoresis, are also surveyed: noticeably, the first molecular description of the crossing of a lipid membrane by a nucleic acid was reported in 2012. The progress in the understanding of cell electroporation as well as developments of technological aspects, in silico, in vitro and in vivo, have contributed to bring gene electrotransfer development to the clinical stage. However, spreading of the technology will require not only more clinical trials but also further homogenization of the protocols and the preparation and validation of Standard Operating Procedures.